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(57) Abstract 

A hermetic compressor for refrigeration 
systems, comprising a plurality of pistons of 
piezoelectric material (20) arranged inside a 
hcimctic shell (10), according to at least one 
sequential alignment and occupying, when in 
a first energizing condition, all of the cor- 
responding internal volume of the hermetic 
shell (10), each of said pistons (20) contract- 
ing longimdinally, from the same first lateral 
wall (14) of the hermetic shell (10) when in 
the second energizing condition, so as to have 

S« hennetic sheU (10>. from the end gas Inlet (1 1) to the end gas outlet (12) of said henneuc shell (10). 
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A HERMETIC COMPRESSO R FOR REFRIGERATION SYSTEMS 
Field of the Invention 

The present invention refers to a hermetic compressor 
5 to be used in refrigeration systems, such as 
refrigerators, freezers, air conditioners and others 
which require high pressure pumping. 

Background of the Invention 

Those compressors commonly used in refrigeration 

10 systems of refrigerators in general and in air 
conditioners should meet some requirements such as 
reliability, low noise and vibration levels, high 
energetic yield, small dimensions and low cost. 
Conventional models on the market only partially meet 

15 these rec[uirements . 

The pumping of the refrigerant fluid in conventional 
compressors (of the reciprocating, rotary or 
centrifugal types, for example) is achieved by the 
relative movement between some components of these 

2 0 compressors, requiring constant and efficient 
l\ibrication for reducing friction and wear between the 
contacting parts of these components. Although the 
presence of oil reduces friction and wear in the 
compressors, it does have some drawbacks, such as the 

25 possibility of infiltration in the refrigeration 
system, the lubricant oil mixing with the refrigerant 
liquid. The circulation of oil in the refrigeration 
cycle reduces the efficiency of the system, increasing 
its energetic consumption. So that the infiltration of 

30 oil in the refrigeration system does not contaminate 
the refrigerant fluid, there should be compatibility 
between the fluids, which restricts the range of 
choices of said fluids . 

Another drawback of the conventional compressors 
35 refers to their energetic consumption to operate the 
relative movement cited above. A large percentage of 
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energy of said compressors is spent overcoming 
mechanical friction and inertia and not in pumping the 
refrigerant gas, thereby limiting the compressor yield 
and compromising its efficiency. Moreover, the parts 
5 with relative movement are continually submitted to 
mechanical fatigue and wear, requiring more resistant 
parts, which are consequently more expensive and 
increase the compressor costs. It has also been 
observed that the more movable parts a con^ressor has, 

10 higher will be its energetic consumption and costs. 

To overcome the above cited problems, solutions have 
been developed for the pumping system, by pressurizing 
the refrigerant fluid by thermal variation, 
stimulating said refrigerant fluid or by the 

15 application of sound waves (US 5.020.977, US 5.167.124 
and US 5.174.130) . 

Although other solutions for pumping are known in the 
state of the art, such as by crystal piezoelectric 
action (US 5.271.724), such solutions are not 
20 applicable to refrigeration systems in general. 
Disclosure of the Invention 

Thus, the generic object of the present invention is 
to provide a compressor for refrigeration systems, 
especially refrigerators and air conditioners, which 
25 uses, at least in its system for pumping the 
refrigerant fluid to the refrigeration circuit, a 
smaller cjuantity of mechanical components presenting 
relative movement, in order to decrease vibrations and 
noise . 

30 Another object of the present invention is to provide 
a compressor such as that mentioned above and which 
presents a high operational yield with low energetic 
consumpt ion . 

Another object of the present invention is to provide 
35 a con^ressor with the above cited advantages, having 
small dimensions and reduced costs . 
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These and other objectives are reached by means of a 
hermetic compressor for a refrigeration system of the 
type comprising a hermetic shell presenting an end gas 
inlet and an opposite end gas outlet; a plurality of 
5 pistons arranged inside the hermetic shell according 
to at least a sequential alignment and constructed of 
piezoelectric material, said pistons occupying, when 
in a first energizing condition, all of the 
corresponding internal volume of the hermetic shell in 

10 the assembly region of the pistons, each piston 
contracting longitudinally, from a same first lateral 
wall of the hermetic shell to a suction condition, 
when in a second energizing condition, so as to have 
one of its end faces distanced from the adjacent inner 

15 face of said first lateral wall of the hermetic shell 
defining, inside the latter, a respective volume of 
gas, which progressively decreases from the first to 
the last piston and which will be compressed in a 
compression cycle of an initial mass of gas admitted 

20 through the end gas inlet; energizing means imparting 
to the pistons, on a selective, electric and 
momentaneous manner, each one of the first and second 
energizing conditions, so as to cause the displacement 
and the progressive compression of said initial mass 

25 of gas from the end gas inlet to the end gas outlet. 

The hermetic compressor for refrigeration systems such 
as that described above presents advantages over those 
conventional compressors, such as fewer components 
with relative movement, reliability and smaller 

30 dimensions. 

Brief Description of the Drawings 

The invention will be described below, based on the 
attached drawings , in which : 

Figures la to If represent, schematically and in a 
35 cross sectional view, a hermetic compressor for a 
refrigeration system provided with the pumping 
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assembly of the present invention in the different 
stages of a compression cycle. 
Best Mode for Carrying Out the Invention 
According to the illustrated figures, the compressor 
5 of the present invention comprises a hermetic shell 10 
generally parallelepipedic and elongated, presenting 
an end gas inlet 11, connected to the low pressure 
side of the refrigeration system, and an opposite end 
outlet 12 for compressed gas, connected to the high 

10 pressure side of the refrigeration system. The 
hermetic shell 10 presents a pair of opposite end 
walls 13 and first and second pair of opposite lateral 
walls 14, 15, the second pair of opposite lateral 
walls 15 generally defining the upper and lower walls 

15 of the hermetic shell 10 , 

The hermetic shell 10 is dimensioned so as to house 
internally a plurality of pistons 20, also generally 
parallelepipedic and laterally adjacent to each other, 
preferably according to a longitudinal alignment, each 

20 piston 20 being defined by a block of piezoelectric 
material, contracting when submitted to a determined 
electric charge, such as a polarized electric charge 
or even an electric discharge. Each said piston 20 
wholly reproduces the internal volume of the 

25 corresponding portion of hermetic shell 10 where it is 
assembled, when in an expansion condition defined in 
function of a first energizing condition to be 
described later. 

Although not illustrated, the pistons 20 may be 
30 arranged laterally to each other according to more 
than one longitudinal alignment or to lateral 
alignments . 

The pistons 2 0 illustrated present a pair of opposite 
end faces 21, generally defining respective upper and 
35 lower faces, which stay in sealing contact with the 
adjacent inner face of the first pair of opposite 
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lateral walls 14 of the hermetic shell 10 when said 
pistons 20 are submitted to a determined energizing 
condition, such as the first energizing condition 
defined by the selective and momentaneous application 
5 of a polarized electrical charge, for example a charge 
of positive polarity. 

When submitted to a second energizing condition, in 
the form of a polarized electric charge of negative 
polarity, each piston 20 is conducted to a contracting 
10 position defined by the distancing of one of its 
opposite end faces 21 from the inner face of the 
adjacent second lateral wall 15 of the hermetic shell 
10. 

Although in the preferred construction being described 
15 the energizing conditions are reached by the 
application of a polarized electrical charge, the 
present invention allows for the possibility of said 
energizing conditions to be also obtained as, for 
example, by the de- energization of the pistons, 
20 defining the first energizing condition, or even by 
the application of electric discharge to said pistons 
for obtaining said energizing conditions. In the 
preferred solution, each piston 20, which not the 
first or the last of the sequence, is maintained in 
25 the second energizing condition during the change of 
the energizing condition of the piston 20 immediately 
preceding, from the second to the first energizing 
condition, and of the piston 20 immediately following, 
from the first to the second energizing condition. 
30 Each piston 20 further presents a first pair of 
opposite lateral faces 22, in constant sealing contact 
with the adjacent inner face of the second pair of 
opposite lateral walls 15 of said hermetic shell 10 
and a second pair of opposite lateral walls 23, 
35 generally defining a front face and a rear face of 
each said piston 20, which are respectively in sealing 
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contact with pistons 20 inunediately adjacent in the 
sequential alignment of pistons 20. A lateral (front) 
face 23 of the second pair of lateral faces of the 
first piston 20 and an opposite lateral (rear) face 23 
5 of the last piston 20 of the sequence are disposed 
facing the inner face of the adjacent end wall 13 of 
the hermetic shell 10. 

In another constructive option, when the pistons 20 
are arranged in a sequential alignment not directly 

10 longitudinal, the pairs of first and second lateral 
faces of each piston should maintain a sealing contact 
with one of the parts defined by the lateral face of 
the adjacent piston, by the inner face of one of the 
second opposite lateral walls and by the inner face of 

15 one of the end walls of the hermetic shell 10 . 

In the preferred illustrated construction, the pistons 
20 present identical dimensions of width and 
longitudinal length, the thickness varying in function 
of the pumping effect which they should produce when 

20 sequentially energized in the pumping operation. 

Since pistons 20 present a progressively decreasing 
transversal section, from the first piston to the last 
piston of the longitudinal alignment, the contraction 
of each piston of said sequence originates a new 

25 volume of gas, which is reduced relatively to that 
volume previously originated, which consequently 
increases, the pressure of the gas contained in said 
volumes . 

For compressing the gas admitted into the compressor 
30 being described, the gas volumetric reduction is 
obtained by a proportional and sequential variation in 
the thickness of pistons 20, in order to reduce said 
thickness from the first piston 20 of the sequential 
alignment, arranged adjacent to the end gas inlet 11 
35 of the hermetic shell 10 up to the last piston 20 of 
said alignment, arranged adjacent to the opposite end 
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outlet 12 of compressed gas of said hermetic shell 10. 
The thickness reduction is calculated upon the 
progression of compression to be obtained with the gas 
admitted into the hermetic shell 10, before this gas 
5 is discharged on the high pressure side of the 
refrigeration system. 

In the preferred illustrated construction, the front 
lateral face 23 of the first piston 20 is distanced 
from the inner face of the adjacent end wall 13 of the 

10 hermetic shell, originating a gas inlet chamber 30 
under low pressure within said hermetic shell 10 . In 
this construction, the gas inlet chamber 30 remains in 
a continuous and constant contact with the low 
pressure side of the refrigeration system, while the 

15 end outlet 12 of compressed gas is closed by the last 
piston 20 arranged adjacent to said outlet. The 
selective discharge of compressed gas from the end gas 
outlet 12 takes place when the last piston 20 is 
submitted to the second energizing condition. In this 

20 construction,, said last piston 20 acts as a discharge 
valve and the first piston 20 acts as a gas inlet 
valve . 

The mass of gas which reaches the end gas inlet il is 
admitted into the region of pistons 20 by contraction 

25 of the first piston 20 of the sequence, said gas mass 
being progressively dislocated by means of the volumes 
of gas formed by the successive contraction of pistons 
20 and compressed between the second and the next to 
penultimate piston 20. 

30 In this construction, the compressed mass of gas 
discharged at the end gas outlet 12 will present a 
compression rate defined by the volumetric difference 
between the volume of gas of one of the next to 
penultimate and the penultimate pistons 20 and the 

35 volume of the initial mass of gas. 

in another possible construction, the end gas inlet 11 
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and/or the end gas outlet 12 are selectively closed by 
the respective gas inlet valve and gas discharge valve 
of suitable construction. When a discharge valve is 
provided, the compression rate of the initial mass of 
5 gas is defined by the volumetric difference between 
the volume of gas of the last piston 20 and the volume 
of the initial mass of gas, the latter being the 
volume defined by the volume resulting from the 
contraction of the first piston 20, when the 
10 compressor is provided with an inlet valve and the 
volume resulting from the contraction of the second 
piston 20, when the first piston 20 defines the inlet 
valve . 

For the compression of each initial mass of gas, the 
15 energization of pistons 20 should not allow the 
simultaneous fluid communication between the end gas 
inlet and the end gas outlet of heannetic shell 10, 
During the admittance of gas into said hermetic shell 
10, when at least the first piston 20 is being 
20 submitted to the second energizing condition for the 
formation of the corresponding volume of gas, at least 
the last piston 20 should be submitted to the first 
energizing condition, blocking the direct and 
simultaneous communication between the end gas inlet 
25 11 and the end gas outlet 12. In a similar manner, in 
the compressed gas discharge condition, at least one 
piston 2 0 placed prior to the gas mass compressed for 
discharge should be submitted to the first energizing 
condition • 

30 Although in the preferred solution in each cycle of 
con5)ression, while one piston 20 of the sequence is 
maintained submitted to the second energizing 
condition, the piston 20 immediately preceding is 
found in the first energizing condition and piston 2 0 

35 immediately following is submitted to the change from 
the first to the second energizing condition, other 
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options are possible and defined upon the frequency of 
simultaneous compression cycles desired for the 
operation of the compressor. The maximum number of 
simultaneous cycles will be equal to half of the 
5 number of pistons assembled inside the hermetic shell 
10, but in this solution the first energizing 
condition of a piston 20 will correspond to the second 
energizing condition of the immediately adjacent 
pistons 20. 

10 The compressor of the present invention also presents 
a piston energizing means, not shown, which imparts in 
a selective, electrical and momentaneous manner to the 
pistons 20 of the sequence, each one of the first and 
second energizing conditions, so as to cause the 

15 displacement and progressive compression of the 
initial mass of gas admitted into the hermetic shell 
from its end gas inlet 11 to the end gas outlet 12. 
When the compressor operation is requested, the piston 
energizing means submits the first piston 20 to a 

20 polarized electric charge, causing the momentaneous 
longitudinal contraction thereof and the consequent 
distancing of one of its end faces, preferably its 
upper face 21, from the inner face of the adjacent 
wall portion of the second pair of lateral walls 15 of 

25 the hermetic shell 10. 

In another solution, not illustrated, the compression 
results from the sequential volumetric reduction 
obtained by the difference in piston contraction, 
which is a function of the difference of energization 

30 to which each of said piston in the sequence is 
submitted. This difference of energization may be 
obtained by a difference in the energizing time or in 
the intensity of energization. In the preferred 
illustrated solution, the energizing condition is 

35 uniform and instantaneous for all of the pistons 20. 

The hermetic condition of each gas volume, formed when 
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each piston 20 is submitted to the second energizing 
condition, is obtained by the constant sealing contact 
between the first and second opposite lateral faces of 
each piston 20, one of the parts being defined by the 
5 adjacent faces of an adjacent piston and by the inner 
face of the adjacent portion of one of the first and 
second opposite lateral walls of the hermetic shell 
10, and by the sealing contact, in the maximum 
expanding condition of each piston, between the 
10 opposite end faces of said pistons and the inner face 
of the adjacent end wall portion of the hermetic shell 
10. 

Although the preferred illustrated construction 
presents pistons of piezoelectric material, arranged 

15 according to only one sequential alignment in an 
elongated shell, other arrangements are possible, such 
as pistons of a transversal section in continuous 
reduction, varying according to a transversal 
extension relative to the longitudinal extension of 

20 the hermetic shell from the second piston in the 
sequence. Other constructions having portions of the 
shell in alignment are possible within the concept 
presented or even having a shell construction which 
internally defines at least part of the volumetric 

25 variation of each gas chamber formed. The compression 
may still be achieved by the relative distance between 
the upper face of each piston of the sequence and the 
inner face of the adjacent lateral wall portion of the 
hermetic shell, from a same first lateral wall of the 

30 latter and the lower face of each piston in relation 
to the inner face of the adjacent portion of another 
first lateral wall of the hermetic shell 10. 
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1. A hermetic compressor for refrigeration systems. 
rr^aracterized in that it comprises a hermetic shell 
(10) presenting an end gas inlet (11) and an opposite 
end gas outlet (12); a plurality of pistons (20) 
arranged ineide the hermetic shell (10) according to 
at least one sequential alignment and constructed of 
piezoelectric material, said pistons (20) occupying, 
when in a first energizing condition, all of the 
corresponding internal volume of the hermetic shell 
(10) in the assembly region of the pistons (20), each 
piston (20) contracting longitudinally, from a same 
first lateral wall (14) of the hermetic shell (10) , to 
15 a suction condition when in a second energizing 
condition, so as to have one of its end faces (21) 
distanced from the adjacent inner face of said first 
lateral wall (14) of the hermetic shell (10) defining, 
inside the latter, a respective volume of gas. which 
20 progressively decreases from the first to the last 
piston (20) and which will be compressed in a 
compression cycle of an initial mass of gas admitted 
into the end gas inlet (11); energizing means 
imparting to pistons (20), in a selective, electrical 
25 and momentaneous manner, each one of the first and 
second energizing conditions, so as to cause the 
displacement and progressive compression of said 
initial mass of gas from the end gas inlet (11) to the 
end gas outlet (12) • ^ 

2. Compressor, according to claim 1. Oif^ygtCt^gyP-zg'A 
that it presents a number of simultaneous compression 
cycles at most equal to half of the number of pistons 

(20) . . . ^ . 

3. Compressor, according to claim 2, chf>ra?t:er;i.ge<a m 
that, in the condition of maximum number of 
simultaneous cycles, the first energizing condition of 
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a piston (20) corresponds to the second energizing 
condition of the pistons (20) immediately adjacent. 

4. Compressor, according to claim 1, characterized in 
that a piston (20) , which is not the first or the 

5 last, remains in the second energizing condition 
during the change of condition of the piston (20) 
positioned immediately prior to and following said 
piston (20) , from the second to the first energizing 
condition and from the first to the second energizing 
10 condition, respectively. 

5. Compressor, according to claim 1, characterized in 
that at least one of the energizing conditions is 
achieved by the application of an electrical charge. 

6. Compressor, according to claim 5, ghgtyagtgyjrZgd in 
15 that each energizing condition is obtained by the 

application of the respective polarized electrical 
charge . 

7. Compressor, according to claim 5, characterized in 
that one of the first and second energizing conditions 

20 is obtained by de- energization. 

8. Compressor, according to claim 1, g^gtygigt^rizgd in 
that the initial mass of gas corresponds to the volume 
of gas of one of the first and second pistons (20) for 
each compression cycle. 

25 9. Compressor, according to claim l, characterized in 
that the rate of compression is defined by the 
volumetric difference between the volume of gas of one 
of the penultimate and last pistons (20) and the 
volume of the initial mass of gas. 

30 10. Compressor, according to claim 1, g^aK'^gt^yj-zed in 
that the progressive decrease in the volume of gas of 
each piston (20) is obtained by a sequential and 
progressive reduction in the dimension of a same first 
opposite lateral wall (14) of each said piston (20) . 
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AMENDED CLAIMS 

[received by the International Bureau on 14 May 1996 (14.05.96); 
original claims 1-10 replaced by amended claims 1-5 (2 pages)] 



1. A hermetic compressor for refrigeration systems, 
comprising a hermetic shell (10) presenting an end gas 
inlet (11) and an opposite end gas outlet (12); a 
5 plurality of pistons (20) arranged inside the hermetic 
shell (10) according to a sequential alignment/ 
characterized in that each piston is constructed of a 
block of piezoelectric material , said pistons (20) 
occupying, when in a first energizing condition, all 

10 of the corresponding internal volume of the hermetic 
shell (10) in the assembly region of the pistons (20), 
each piston (20) contracting longitudinally, from a 
same first lateral wall (14) of the hermetic shell 
(10), to a suction condition when in a second 

15 energizing condition^ so as to have one of its end 
faces (21) distanced from the adjacent inner face of 
said first lateral wall (14) of the hermetic shell 
(10) defining, inside the latter, a respective volume 
of gas, which progressively decreases from the first 

20 to the last piston (20) and which will be compressed 
in a compression cycle of an initial mass of gas 
admitted into the end gas inlet (11); energizing means 
imparting to pistons (20), in a selective, electrical 
and momentaneous manner, each one of the first and 

25 second energizing conditions, so as to cause the 
displacement and progressive compression of said 
initial mass of gas from the end gas inlet (11) to the 
end gas outlet (12). 

2. Compressor, according to claim 1, characterized in 
3 0 that it presents a number of simultaneous compression 

cycles at most equal to half of the number of pistons 
(20). 

3. Compressor, according to claim 2, character iged in 
that, in the condition of maximum number of 

35 simultaneous cycles, the first energizing condition of 
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a piston (20) corresponds to the second energizing 
condition of the pistons (20) immediately adjacent. 

4. Compressor/ according to claim 1, characterized in 
that a piston (20), which is not the first or the 

5 last, remains in the second energizing condition 
during the change of condition of the piston (20) 
positioned immediately prior to and following said 
piston (20), from the second to the first energizing 
condition and from the first to the second energizing 
10 condition, respectively. 

5, Compressor, according to claim 1, characterized in 
that the progressive decrease in the volume of gas of 
each piston (20) is obtained by a sequential and 
progressive reduction in the dimension of a same first 

15 opposite lateral wall (14) of each said piston (20), 
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